1. Introduction
===============

Hepatocellular carcinoma (HCC) ranks the sixth most common cancer and the fourth most cause of cancer-related death in the world,^\[[@R1]\]^ and the incidence of HCC cases is increasing worldwide.^\[[@R2]\]^ Surgical resection and local ablation therapies, such as percutaneous ethanol injection and percutaneous radiofrequency ablation, are regarded as curative strategies for patients with HCC. However, most patients are not diagnosed until the disease is unresectable.^\[[@R3]--[@R5]\]^ It is estimated that approximately 25% of HCC patients present with synchronous disease, and about half of HCC patients develop hepatic metastases during the course of their disease.^\[[@R6]\]^ Hepatic resection is used as the only curable treatment for colorectal liver metastases (CRLM), and the 10-year survival rates reached 22%.^\[[@R6]\]^ For unresectable HCC patients, various treatment options have been developed, such as transarterial chemoembolization (TACE), systemic chemotherapy, and hepatic arterial infusion chemotherapy (HAIC).^\[[@R7],[@R8]\]^

HAIC has been applied as a palliative procedure in the treatment of unresectable CRLM. In this procedure, anticancer drugs are infused directly into the hepatic artery, which increased the intra-hepatic drug concentrations and decreased the systemic toxicity.^\[[@R9]\]^ The drug most commonly used for intra-arterial applications include cisplatin (CDDP), oxaliplatin (OX), 5-fluoroouracil (5-FU), doxorubicin, epirubicin, and mitomycin-C, used individually or in combination.^\[[@R10]\]^ HAIC has been used classically for unresectable CRLM,^\[[@R10],[@R11]\]^ as well as being adjuvant therapy in HCC patients after resection,^\[[@R12],[@R13]\]^ however, its role in translating improved response rates into survival benefits still remains controversial.^\[[@R14]\]^ Thus, we performed the present meta-analysis to evaluate the survival rate, overall response rate (ORR), and complication rate using HAIC in the treatment of HCC patients.

2. Material and methods
=======================

Since the data analyzed in this study were derived from previously published studies, the ethical approval or patient consent was not required.

2.1. Literature search
----------------------

We conducted this meta-analysis in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.^\[[@R15]\]^ Four major electronic databases, including PubMed, Embase, Web of Science, and the Cochrane library, were comprehensively searched, from their inception to November 21, 2019. The literature search terms we used were the following: ((Hepatic\[All Fields\] AND ("arteries"\[MeSH terms\] or "arteries"\[all fields\] or "arterial"\[all fields\]) and infusion\[all fields\] and ("drug therapy"\[subheading\] or ("drug"\[all fields\] and "therapy"\[all fields\]) or "drug therapy"\[all fields\] or "chemotherapy"\[all fields\] or "drug therapy"\[MeSH terms\] or ("drug"\[all fields\] and "therapy"\[all fields\]) or "chemotherapy"\[all fields\])) OR HAIC\[all fields\]) and (("liver"\[MeSH terms\] or "liver"\[all fields\]) and ("neoplasm metastasis"\[MeSH terms\] or ("neoplasm"\[all fields\] and "metastasis"\[all fields\]) or "neoplasm metastasis"\[all fields\] or "metastasis"\[all fields\])) and ("colorectal neoplasms"\[MeSH terms\] or ("colorectal"\[All fields\] and "neoplasms"\[All fields\]) or "colorectal neoplasms"\[all fields\] or ("colorectal"\[all fields\] and "cancer"\[all fields\]) or "colorectal cancer"\[all Fields\]). There were no limitations on publication status or language. We also additionally searched the reference lists of included articles and reviews to identify the potential eligible studies.

2.2. Inclusion criteria and study selection
-------------------------------------------

To be included in this meta-analysis, studies must meet the following inclusion criteria:

1.  study design: randomized controlled trials (RCTs), cohort study or case-control study;

2.  population: adult patients who were histologically and/or clinically diagnosed HCC;

3.  intervention: neoadjuvant HAIC;

4.  comparison: other therapy methods;

5.  outcomes: provided 1 of the following outcome of interest: OS, DFS, ORR, DCR, or complications.

When several publications from the same trial were presented, we only included the one with the most complete data, or both if they had different outcome measures. Studies were excluded if they were non-comparative studies, or case report, case series, or did not apply HAIC for HCC patients, or did not report the data of our interest.

2.3. Data extraction and quality assessment
-------------------------------------------

Using a standardized tool, 2 independent investigators performed data extraction to extract the following data from each study: first author\'s name, year of publication, country, sample size, baseline patient characteristics (age, sex, race, diabetes duration), disease characteristics, neoadjuvant HAIC regimen, hazard ratio (HR) with 95% confidence intervals (95%CIs) for OS and DFS, ORR, DCR, and complications.

For non-randomized trials, we used the modified Newcastle-Ottawa scale (NOS) to assess the methodological quality.^\[[@R16]\]^ This method comprised of 3 items to evaluate the quality of a non-RCT trial.^\[[@R16]\]^ The total score of this method was 9 points, and higher points indicated high quality. Studies with a score of more than 5 points were regarded as high quality.^\[[@R16]\]^ For RCTs, we used the method recommended by Cochrane Collaboration to assess the risk of bias.^\[[@R17]\]^ This method consists of the 6 items, including random sequence generation; allocation concealment; blinding of outcome participants and personnel; blinding of outcome assessment; incomplete outcome data; selective reporting, and other bias.^\[[@R17]\]^ Each study was regarded as "high", "low", or "unclear" risk of bias according to the criteria mentioned above.

2.4. Statistical analysis
-------------------------

Meta-analysis was analyzed using Stata version 12.0 software (Stata Corporation, College Station, TX). We used Cochrane Q and I^2^ statistic^\[[@R18]\]^ to test the heterogeneity across included studies, in which *P* \< .1 or I^2^ \> 50% were considered to be significant.^\[[@R18]\]^ For time-to-event variables, including OS and DFS, the HR with 95%CIs were expressed to calculate the effect estimate; for dichotomous variables, including ORR, DCR, and complication rate, risk ratio (RR) with 95%CIs were pooled to synthesize the data. Meta-analyses were performed using a fixed-effect model^\[[@R19]\]^ or random-effects model^\[[@R20]\]^ according to the absent or present of heterogeneity. When significant heterogeneity analysis was identified, we used sensitivity analysis to explore the potential sources of heterogeneity. Moreover, we also conducted subgroup analysis based on the study design, disease characteristics, or comparators to test whether these factors had an influence on the outcome estimate. The assessment of publication bias was evaluated by using Egger^\[[@R21]\]^ and Begger^\[[@R22]\]^ test. A *P* value less than .05 was judged as statistically significant, except where otherwise specified.

3. Results
==========

3.1. Identification of eligible studies
---------------------------------------

The initial screening retrieved 895 publications from the databases, of which 514 were excluded because of duplicate records, leaving 381 studies. Further screening for title or abstract excluded 360 studies, leaving 21 for full-text information review. Among these studies for potential eligibility, 8 studies were excluded for a variety of reasons (single-arm trial, or HAIC in both groups, or unrelated with our topics). Finally, 13 studies^\[[@R11],[@R23]--[@R34]\]^ met the inclusion criteria and were included for the data analysis. The literature review and selection process are presented in Figure [1](#F1){ref-type="fig"}.
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3.2. Characteristics of eligible studies and quality assessment
---------------------------------------------------------------

Table [1](#T1){ref-type="table"} summarizes the characteristics of the included studies. Among these studies, 5 were conducted in Japan,^\[[@R23],[@R24],[@R29],[@R33],[@R34]\]^ 4 in China,^\[[@R25]--[@R27],[@R31]\]^ and each 1 in USA,^\[[@R11]\]^ Sweden,^\[[@R30]\]^ and Switzerland.^\[[@R32]\]^ Seven studies were cohort studies,^\[[@R23],[@R25],[@R28],[@R31]--[@R34]\]^ and the remaining 6 were RCTs.^\[[@R11],[@R24],[@R26],[@R27],[@R29],[@R30]\]^ Sample size in each study ranged from 19 to 682, with a mean number of 137. All the enrolled patients were diagnosed with HCC, with CRLM in 4 studies,^\[[@R11],[@R23],[@R26],[@R30]\]^ unresectable HCC in 4 studies,^\[[@R24],[@R25],[@R31],[@R32]\]^ advanced HCC in 4 studies,^\[[@R28],[@R29],[@R33],[@R34]\]^ and pancreatic liver metastases in 1 study.^\[[@R27]\]^ The comparators in each study varied greatly, with systematic chemotherapy in 4 studies,^\[[@R11],[@R26],[@R27],[@R32]\]^ sorafenib in 3 studies,^\[[@R28],[@R29],[@R34]\]^ systemic intravenous infusion in 2 studies, TACE in 2 studies,^\[[@R25],[@R31]\]^ miriplatin monotherapy^\[[@R24]\]^ and no active treatment^\[[@R33]\]^ in each 1 study, respectively.

###### 

Baseline characteristics of patients in the trials included in the meta-analysis.
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The methodological assessment for cohort studies showed that, the NOS score in each study was greater than 6 points, indicating that they were of high quality. Risk of bias assessment for RCTs revealed that, 3 were classified as being at low risk of bias, 2 at unclear risk of bias, and 2 at high risk of bias.

3.3. Overall survival
---------------------

Eleven studies reported the data of OS. Pooled estimate suggested that, patients treated with HAIC achieved a significantly longer OS as compared with those received with other therapies (HR = 0.61, 95%CI: 0.48, 0.77; *P* \< .001) (Fig. [2](#F2){ref-type="fig"}). There was significant heterogeneity among the included studies (I^2^ = 59.4%, *P* = .006). When we excluded the trial outlier,^\[[@R34]\]^ the overall estimate did not change substantially (HR = 0.63, 95%CI: 0.50, 0.80; *P* \< .001), but the heterogeneity was still present (I^2^ = 58.8%, *P* = .009). When the trial conducted by Kudo M, et al^\[[@R29]\]^ was removed, the pooled data changed a little (HR = 0.52, 95%CI: 0.46, 0.59; *P* \< .001), but no significant heterogeneity was observed (I^2^ = 0.3%, *P* = .435), which indicated that the trial by Kudo et al^\[[@R29]\]^ contributed to the heterogeneity.
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Subgroup analysis based on study design showed that, the prolonged OS associated with HAIC was observed in both RCTs (HR = 0.68, 95%CI: 0.51, 0.89; *P* = .005) and cohort studies (HR = 0.49, 95%CI: 0.41, 0.58; *P* \< .001).

Subgroup analysis based on disease characteristics revealed that, the improved OS associated with HAIC was only observed in patients with CRLM (HR = 0.59, 95%CI: 0.46, 0.75; *P* \< .001) and advanced HCC (HR = 0.55, 95%CI: 0.32, 0.96; *P* = .036), but not in those with unresectable HCC (HR = 0.75, 95%CI: 0.33, 1.69; *P* = .492), or pancreatic liver metastases (HR = 0.67, 95%CI: 0.44, 1.02; *P* = .062).

3.4. Disease-free survival
--------------------------

Ten studies reported the data of DFS. The aggregated results indicated that, patients in HAIC group achieved a significantly prolonged DFS than those in other therapy group (HR = 0.66, 95%CI: 0.52, 0.84; *P* = .001) (Fig. [3](#F3){ref-type="fig"}). The test for heterogeneity was significant (I^2^ = 50.5%, *P* = .033). Sensitivity analysis by excluding the trial of Samaras P, et al^\[[@R32]\]^ showed that, the pooled data did not alter substantially (HR = 0.63, 95%CI: 0.52, 0.78; *P* \< .001), and the evidence of heterogeneity was not present (I^2^ = 31.8%, *P* = .164). This indicated that the trial of Samaras et al^\[[@R32]\]^ was responsible for the absent of heterogeneity.
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Subgroup analysis based on study design suggested that, the prolonged DFS associated with HAIC was only observed in RCT (HR = 0.68, 95%CI: 0.52, 0.86; *P* = .004), but not in cohort studies (HR = 0.65, 95%CI: 0.39, 1.08; *P* = .097).

Subgroup analysis based on disease characteristics revealed that, the improved DFS associated with HAIC was found in patients who had CRLM (HR = 0.62, 95%CI: 0.47, 0.84; *P* = .002) or advanced HCC (HR = 0.66, 95%CI: 0.46, 0.94; *P* = .023), but not in unresectable HCC (HR = 0.62, 95%CI: 0.30, 1.27; *P* = .189) or pancreatic liver metastases (HR = 0.97, 95%CI: 0.64, 1.48; *P* = .887).

3.5. Overall response rate and disease control rate
---------------------------------------------------

Eight studies reported the data of ORR. The ORR in HAIC and other therapy groups was 44.04% and 19.33%, respectively. Pooling the data showed that patients treated with HAIC achieved a significantly higher ORR than those with other therapies (RR = 2.28, 95%CI: 1.77, 2.94; *P* \< .001) (Fig. [4](#F4){ref-type="fig"}).

![Forest plot showing the effect of hepatic arterial infusion chemotherapy on objective response rate.](medi-99-e20745-g005){#F4}

The DCR in HAIC group was 72.29% as compared with 50.36% in other therapy group. The pooled estimate showed that DCR was significantly higher in HAIC group than in other therapy group (RR = 1.47, 95%CI: 1.23, 1.77; *P* \< .001) (Fig. [5](#F5){ref-type="fig"}).
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3.6. Complications
------------------

All the included studies reported the data of complications, however, only 9 presented available data for meta-analysis. Overall, most of the complications were comparatively occurred between the 2 treatment regimens. However, HAIC was associated with significantly higher rates of nausea/vomiting (RR = 1.37, 95%CI: 1.05, 1.79; *P* = .022), hypoalbuminemia (RR = 1.36, 95%CI: 1.07, 1.74; *P* = .013), pain (RR = 1.23, 95%CI: 1.02, 1.49; *P* = .029), anemia (RR = 1.11, 95%CI: 1.01, 1.22; *P* = .031), and hepatic toxicity (RR = 1.32, 95%CI: 1.04, 1.67; *P* = .022), and lower rates of elevated ALT level (RR = 0.81, 95%CI: 0.68, 0.97; *P* = .018), and hoarseness (RR = 0.49, 95%CI: 0.28, 0.86; *P* = .012), as compared with other therapies.

Whereas, for grade 3 and 4 level adverse events, all these commonly developed complications were comparable between the 2 treatment regimens, except for pain (RR = 3.99, 95%CI: 1.12, 14.19; *P* = .037) and decreased white blood count (RR = 2.69, 95%CI: 1.03, 7.07; *P* = .044), the incidences of which were higher in HAIC group than in the control group.

3.7. Publication bias
---------------------

Assessment of publication bias using Egger and Begg test showed that there was no potential publication bias among the included studies (Egger test, *P* = .558; Begg test, *P* = .621).

4. Discussion
=============

In the present study, we assessed the efficacy and safety of HAIC in the treatment of HCC patients. We found that HAIC was associated a significantly prolonged OS and DFS, as compared with other therapies. Moreover, HAIC also improved ORR and DCR, and had similar incidence of adverse events, when compared with other therapies.

In HAIC, greater concentrations of chemotherapeutic agents can be directly to the tumor, which resulted in significant response rates.^\[[@R35]\]^ Moreover, the drugs used for HAIC, such as 5-FU and floxuridine (FUDR), have a first-pass hepatic clearance effect. These drugs are primarily metabolized in the liver and have a short half-life, which lead to low drug concentrations in the peripheral blood.^\[[@R36]\]^ This not only maintains a higher exposure of chemotherapy to malignant cells, but also reduces the risk of systemic adverse events.^\[[@R36]\]^ 5-FU has been used as the preferred agent in Europe.^\[[@R37]\]^ This is because of its short half-life, high first-pass extraction rate (95%), up to 400-fold estimated increase in tumor exposure, and low incidence of systemic toxicity.^\[[@R38]\]^ Oxaliplatin has been widely used in the HAIC therapy and shows favorable results.^\[[@R39]--[@R41]\]^ In a multicenter phase 2 clinical trial, CRLM patients who received HAIC oxaliplatin achieved a response rate of 63%, even if the local concentration of oxaliplation is less than that of FUDR.^\[[@R39],[@R41]\]^

HAIC has presented with a significantly longer survival and time to progression than other therapies, suggesting that HAIC might have great survival effects in HCC patients. The prolonged OS achieved in HCC patients with HAIC is similar to the findings reported in the previous studies of CRLM patients.^\[[@R11],[@R26],[@R30]\]^ For example, in the randomized trial of efficacy, quality, and molecular markers (CALGB9481),^\[[@R11]\]^ OS was significantly longer in HAIC group (24.4 months) than in systemic bolus fluorouracil and leucovorin treatment group (20.0 months) (*P* = .0034). Moreover, patients in HAIC group achieved a significantly higher probability of 2-year survival of 51%, as compared with 35% in systemic treatment group.^\[[@R11]\]^ Similarly, in a prospective RCT of patients with CRLM, the mean survival was longer in HAIC group than in 5-FU infusion (HAO) group (19 vs 13 months, *P* = .0147).^\[[@R30]\]^ The median time to progression in the 2 groups was 7 (1--23) months and 4 (1--22) months, respectively.^\[[@R30]\]^ The better effect of HAIC suggest that, CRLM patients would benefit from HAIC in terms of prolonged OS and time to progression than other therapies.

Except for CRLM patients, advanced HCC patients were also found to achieve significantly longer OS and DFS when they were treated with HAIC. The better effect of HAIC in survival profile observed in advanced HCC patients was in consistent with the previous cohort studies.^\[[@R33],[@R34]\]^ Nouso et al^\[[@R33]\]^ reported the effect results of HAIC of 5-FU and cisplatin for advanced HCC in Nationwide Survey of Primary Liver Cancer in Japan. In that study, 475 patients with advanced HCC who underwent HAIC were compared with 1466 patients who did not receive active therapy.^\[[@R33]\]^ Results from propensity score-matched analysis (n = 682) showed that, the median OS time was significantly longer for patients with HAIC (14.0 months) than for patients without therapy (5.2 months, *P* \< .0001).^\[[@R33]\]^ Similar results were observed in studies comparing HAIC versus sorafenib for HCC patients with portal vein tumor thrombosis.^\[[@R34]\]^ The median OS for HAIC and sorafenib group was 309 and 120 days, respectively (*P* = .022).^\[[@R34]\]^ These results suggest that HAIC might improve the OS in patients with advanced HCC when compared with other therapies.

In this meta-analysis, we found that HAIC was associated with significantly higher ORR and DCR than other treatments for patients with HCC. In the HAIC group, 44.04% of patients achieved an overall response and 72.29% of patients achieved disease control, as compared to 19.33% and 50.36% of patients in other treatment group, respectively. Similar findings were observed in another studies.^\[[@R11],[@R25],[@R29],[@R31]\]^ He et al^\[[@R25]\]^ performed a prospective, non-randomized, phase 2 trial to compare the efficacy of HAIC with modified FOLFOX (mFOLFOX) in patients with massive unresectable HCC. They reported that, the ORR and DCR were significantly higher in HAIC group than that in mFOLFOX group (54.1% vs 9.8%, *P* \< .001; 83.8% vs 52.5%, *P* = .004).^\[[@R25]\]^ Gao et al^\[[@R31]\]^ compared HAIC combined chemoembolization with chemoembolization alone for inoperable HCC patients. Their results suggested that, the ORR in combination group was 68.9% as compared to 45.9% in chemoembolization group (*P* = .036). The DCR was 86.7% in combination group as compared with 70.3% in chemoembolization group; however, the difference between the two groups was not significant (*P* = .068).^\[[@R31]\]^

With regard to adverse events, our results showed that, most of the common complications were comparably occurred between the 2 treatment regimens. However, for some complications, such as nausea, hypoalbuminemia, pain, anemia, and hepatic toxicity, they were more frequently seen among patients who were treated with HAIC. For grade 3 and 4 level adverse events, the incidence of pain and decreased white blood count was found to be significantly higher in HAIC group than in other treatment group. Kudo et al^\[[@R29]\]^ reported the safety results of sorafenib plus low-dose cisplatin and fluorouracil HAIC as compared with sorafenib alone for patients with advanced HCC. Their results showed that, grade 3 to 4 adverse events, including anemia, neutropenia, thrombocytopenia and anorexia, were more frequently occurred in combination group than in the sorafenib alone group.^\[[@R29]\]^ Despite these adverse events might be related to cytotoxic agents cisplatin and fluorouracil, they were managed with treatment interruption or dose modification.

There are several potential limitations to note when interpreting our findings. First, moderate or substantial heterogeneity was observed among the included studies in this study. However, the source for heterogeneity was identified after the sensitivity analysis was performed. We think the heterogeneity might be related with the following factors: study design, patient characteristics, duration of following-up, chemotherapeutic drugs and doses, and comparators. Second, some of the included articles were cohort studies, and patients were not enrolled on a randomized basis, which might result in selection bias to the results and inevitably over/underestimation of the measured effects. Third, the sample size in several studies was relatively small. It is assumed that studies with small sample size were more likely to overestimate the treatment effect as compared with larger trials. Thus, large-scale trials are needed to draw definitive conclusions.

In conclusion, the present study demonstrated that HAIC might be a generally safe treatment, and it is more effective in prolonging the OS and DFS, and improving ORR and DCR for patients with HCC. These benefit effects were more obvious in CRLM or advanced HCC patients. Based on the promising results and potential limitations, more large-scale, randomized trials are needed to verify our findings.
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